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Abstract: Being a by-product of walnut oil production, walnut protein is a high-quality plant protein. The high-value
utilization of walnut protein is of great significance to the sustainable development of the walnut industry. The effects of
extrusion parameters on the color, texture characteristics, and degree of organization of walnut protein were investigated.
The effects of five extrusion process parameters, including the extrusion temperature, moisture content, screw speed, feeding
speed, and cooling temperature, were studied through single-factor analysis. According to the data obtained, three parameters,
namely the extrusion temperature, moisture content, and feeding speed, were selected as test factors in surface response
experiments, whereas the degree of organization was defined as the response factor. The optimal extrusion parameters were
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determined as follows: an extrusion temperature at 141°C , a moisture content of 52.7%, screw speed of 160 r/min, feeding

speed of 26 g/min, and a cooling temperature of 65 C . These conditions yielded a degree of organization of 1.209. This research

lays the foundation for the development of walnut protein-based vegetarian meat.
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Fig.1 Sample shape for texturization degree
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Fig.2 Effect of extrusion temperature on color of textured walnut protein
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Fig.4 Effect of screw speed on color of textured walnut protein
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Fig.6 Effect of cooling temperature on color of textured walnut protein
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Table 2 Effect of extrusion temperature on textual properties
of textured walnut protein

e
BE/IC
130 1726.65+248.89° 0.94+0.02° 1100.89 *76.63°
135 1982.96 +199.42° 0.94 %0.02" 1305.21 +151.98"
140 225773 £168.72° 0.93+0.01" 1510.03 +21.44°
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Table 3 Effect of moisture content on textual properties of
textured walnut protein
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Table 4 Effect of screw speed on textual properties of

g 2 vELR /g

textured walnut protein

AT
ik g 2
/(r/min)

160 1612.32 £73.08° 0.96+0.02° 1073.87 +46.61°
180 2363.34+169.28" 0.92+0.02" 1523.95+104.18"°
200 225773 £168.72° 0.93£0.017 1510.03 +21.44°
220 2873.98 £128.3" 0.94+0.03" 1767.27+218.15"
240 2591.14 £310.37" 0.93£0.02" 1538.06 +240.17°
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Table 5 Effect of feeding speed on textual properties of
textured walnut protein

Rt
i g a3 P R /g
/(g/min)

20 225773 £168.72° 0.93+£0.01" 1510.03 +21.44°
225 1863.91+145.38° 0.93+0.01° 1234.24+152.81°
25 317327 +179.20° 0.93 +0.01° 2 084.52+89.12°
27.5  3812.26+242.55" 0.91+0.01"° 2443.15 £ 168.15"
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Table 6 Effect of cooling temperature on textual properties of
textured walnut protein
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AL EFAL N 1.004, AEHIRE AN 65 CHE, HL
T FE B9 1.140.

24 HrEIZXNALZMBHRE G FFAE R
I8 1 B %

WE 8 fin, MEFERE R, A9ULEA
) FE K A B A8 (P>0.05), i s i
F (P<0.05). BEESREE NI E, APk
HE RGNS TR, 1E 140 CRFREK M
ko 7E 130~140 CHf, HHFRAEAEN, 40
FESEIN, S MEOR R %, SRR IR %
Bk S EGF KM T B, £E 140~150 CIF, TR
EFE, FHROKESERRE, BRIIREH S
R K 2B, KRN, 145 °C B RREOK
BN 0.58 g/g. A MAE B B E1 I RE I PR S T v
Ja B, 135 CHY, FRESmE N 0.69 g/g. XA HE
FEHN 135 CH A S UL 4 4138, 455
S T, S ECRE G
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Fig.7 Effect of extrusion process parameters on the degree of

texturization of textured walnut protein
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Fig.9 Effect of moisture content on water-holding capacity

ek / (g/g)
ek / (g/g)

and oil-binding capacity of textured walnut protein

W 10 froR, SEAT T H AUk EE A 1
Fok M m 2 (P<0.05), XWrpidEsm A R
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Fig.10 Effect of screw speed on water-holding capacity and
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W 12 s, A5  H A& A K
PEARTRE I E RS AN B35 (P>0.05). B HIEE N
60 CHFHIFRFAKMERAC. Froh s, Rk A F
PSRN 032, 0.67 g/g.

25 mMEMAAHETS

PLAH 2340 Ry ma NAE (YD, HE AT e S TR 56
R gE Rk 7.

R7 REER

Table 7 Results of response surface experiment

Kipe zg ’}ﬁfi B iii’:}‘ ¢ “1“%7‘?3]‘. i
BEIC  AE/% #®E/(g/min) LALE

1 0.00 1.00 -1.00 1.067
2 0.00 0.00 0.00 1.182

3 -1.00 0.00 1.00 1.11
4 0.00 0.00 0.00 1.182
5 0.00 0.00 0.00 1.171
6 0.00 1.00 1.00 1.145
7 0.00 0.00 0.00 1.238
8 1.00 0.00 -1.00 1.13
9 0.00 0.00 0.00 1.202
10 0.00 -1.00 -1.00 1.062
11 1.00 1.00 0.00 1.114
12 0.00 -1.00 1.00 1.11
13 -1.00 1.00 0.00 1.052
14 -1.00 -1.00 0.00 1.102
15 -1.00 0.00 -1.00 1.057
16 1.00 0.00 1.00 1.17
17 1.00 -1.00 0.00 1.082

i Design expert 84 2EAT W B2 H43 Hr, T
ZOM A RUNE 8 Fiam. HIR ATk, B4R R A
BE (P<0.0D), BUZBALAREEKFE, JFH
KA EZE (P>0.05), R° 09197, P8 IH
Ji R, DRI AT DL 1K AN AR AR St 2H 2340 A Bk
FEAMALLERATHN. —RINARE 4. CIEE
BEKTF (P<0.05), BAEE (P>005); K
A2 H I C A2 H AN I B i 3 KCF (P<0.05), A7
B AZ HAANGEF TR KTF (P<0.01). 4. B.
C =N FXS M NAE 2 N : C >4 >B.

XoF 85 DR 2R e AR AT [0 U 2 AT, 43 3
BY (HEZWE) 581 4 FRIEE. BKD
TR CHRLER) Z I EIEIHTREN:
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Y=1.20+0.0224+0.002758+0.027C+0.02054 8- c
0.003254C+0.0075BC-0.0464°-0.06698°-0.0376C * 1122 ,
®8 HENE w115 !
Table 8 Regression analysis table 2 L10F |
— e S ros =’
wiys P A AWAE 7 F1a P1a S

A 00593 9 0.005478 891  0.004 4
0.003 828 1 0.003828 623 0.0413
6.05E-005 1 6.05E-005 0.10  0.7629

C 0005995 1 0.005995  9.75  0.0168
1B HETZSHNBANERERARNLE

GRS A = 4E i T R

Fig.13 The three-dimensional surface map of effect of

AB 0.001 681 1 0.001 681 2.73 0.1422
AC  4.23E-005 1 4.23E-005  0.07  0.8007

BC0.000225 1 0.000 225 0.37 0.564 3 extrusion parameters on the degree of texturization of

A 0.008 977 1 0.008 977  14.60  0.006 5 textured walnut protein
B 0018859 1 0.018859 30.68  0.0009 S LR . KAy B RO Rl R R,
¢ 0005976 1 0.005976 972 0.0169 MNHEZFEXTH R E A H LA AL 5 AEH
%Z 0004303 7 0.000 615 Wil 13 frs, AWERTLUE 1, BEAE B R AT
AN = 411 =] I =
%£#E 0001592 3 0.000531  0.78  0.5624 Ay BN, GV S SR KR N a5

BEE BRI T . OB A N, HAULE R
WK S5 Uk IR 3R s BEE K A3 B B AR I T 3
I, AR B3 I S PR I A o e i o . T
LI SRAR AL AZ A B A AL E R I F R T2
SR FIRIRE 141.204 'C. K& 52.694%. M
B 25.900 g/min, HAULEFIGE AN 1.208, F
FARIGHERAE R AT A7, 0 S T4 R AR T2 4 A
BIEA: FHIEEE 141 C. K& 52.7%. Wk
¥ 26 g/min.

2.6 IiF L3

DR AR, FTETZSHEE: Rl
FE 141 °C, WERE#EFE 26 g/min. B2HFFHE 160 r/min,
KT Er i 52.7%, WENRE 65 C. LLif2HZ1b %k
RAMS R, . HEEES, HEUEN
1.209, HAULEE =, fRIF. Fridst Bym &k,
JRFRF 45 R WL 9.

* 9 HALBRES RS

Table 9 Quality characteristics of textured walnut protein

thiz £ 0.002 711 4 0.000677 8
EBE 0054 16

o

HYULEE
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HYULE

2H 4R

£s

2B LR AUAZ
&G

3494 7.44 13.61 236695 0.84 1381.2 1.209
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I AR FR IR 52 T B TR H Rk
HAEEE. MR 412000 R AR KM KR
IR, VIS HE T HE L2348, Jtidk— 2R
FH e JSLTH A AT, B AT TRk, 153
DL &g

(1) NFEBE T E &M AL E A i
FE. gbE. PHMEGREE. ASULEE. PR, RRKkME. B
WA AN FEFERE R, B RS 135~145 C. K
I3 B 50%~55%- MRl FE 22.5~27.5 g/min B [
H ALK A TR

(2) BrHRIRIE. WORLE X HLUb B B2 5
ma, HLUZARE A RS S T 2N FRiRE
141 °C, K558 52.7%, WERHEFE 26 g/min, HEFT
3% 160 t/min. R AEIRE 65 °C, MEETHLE A
1.209.
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